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1 PVS 
(-)»TranS'^(6-cIilora*3-pheiiyIiadaii-l*y9»l,2^t^ 

and malonate and the use thereof for (he treatment of sehimphrenia and psychoses 

The present invention relates to (->Trans^(6-chloro-3-pheiiylittdan-l-yl)-l»2.2- 
5 trinieQiylpipeia2diie hydrogensuccinato or malonate, pharmaceutical composittons containing 
diese salts and the use diereof fbr the treatment of schizophrenia and other psychoses. 

Background of the Invention 

The present invention relates to the treatment of Schizophrenia and other diseases involving 
psychotic symptoms. 

The group of diseases including psychotic symptoms as a promtoenc a^i^ect of their 
presentation includes: Schiaophrenia. Schizophreniform Disorder, Schizoaffective Disorder. 
Delusional Disorder, Brief Psychotic Disoxder, Shared Psychotic Disorder as well other 
psychotic disorder and diseases diat present with psydiotic symptoms. 

The aetiology of scWaophrenia is not known, but the dopamine hypothesis of schizophrenia 
(Carlsson, Am. J. Psychiatry 1P78, 135, 164-173), fonnulated in the early 1960s, has 
20 provided a flieoreiical framework for undOTiandlng the hiological medianisms underlying 
diis disoider. In its simplest fhrm, the dopamine hypothesis states that schizophrenia is 
associated with a hyperdopaminer^c state, a notion which is supported by the fiwt that all 
antipsychotic dmgs on die market today exwt some dopamine D^ recqjtor antagonism 
(Sceman &ieni:e and Medicine 1995, 2, 28-37). The hyperdopaminergic hypothesis has 
25 recently been strongly supported hy the direct evidence of incmased stimulation of dopamine 
receptors by dopamine m sdiizophrenia (Abi-Dareitem er al PNAS 2000. 97, 8104-8109). 
However, whereas it is generally accqpted that antagonism of dopamine D, recqptors in the 
limbic regions of the braUi plays a key role in the ueatment of positive symptoms of 
scluzophrenia, die blockade of D, meptors in striatal re^ons of the bram cause 
30 extrapyramidal symptoms CBPS). 
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However, studies have indicated that S-HT, receptor antagonims may reduce extr^yraniidal 
effects and impiove negative syn^tome of sebizopbrenia. 

s Centnl a, antagonistic actions m ^ also contribute to improved antipsychotic pnopenies 
because blool^ of central a, cecqitors prefecentialtsr sttpprssaes mesolirabic vecsus 
nigiostriatal dopaminec^ transmisdon and fbrfhennons ftdlitates flialaime gating of 
sensory input to the coctrac, a pncesi compronOsed in psychotic patients (Millan et ah JPET, 
2000,292,38-53). 

10 

EP patent >to. 638 073 oovora a group of trans isomera of 3-aiyH-(l-pipeiBanyl)indanes 
substituted in the 2- and/or 3^tion of the prpetaaue ring. The compounda are described as 
having high affinity for dopamine Dl and D2 tecqwors and the S-HT, the vecepnr. 

IS nie compoond. which is the subject of the present invention has flie general fennula 




(0 

and is covered generically by the clainis of the above European patent. However, the 
specific eiumtiemcrio form Aove has not been disclosed in the above European patem, 
20 which only describes trans isomers in the form of raoenoates. 

The enanriomer of the formula (J) above has been described by B0gesB et al. in J. Med. 
Chem., 1996, 38, page 4380-4392, in the form of the fiimaratB salt, see table 5. compound 
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This pubtication concludes that th« (-Venainiomers of compoimd 38 is a poteut Dj/D, 
antagonists showing some D| selectivity in vitro while m vivo it is eqnipotent as D| and 
antagonist. 'Hie compound is described as a potent S-HTj antagonist^ having hififh affinity for 
tti adrenocqitots. Also it is mentioned that tile compound does not induce catalepsy. 

5 

It has now* surprisingly, been found that the aqueous solubility of the succinate salt and the 
malonate sdt of the compound of fbnnula G) » considerably larger than ttie aqueous 
solubility of the ftunaiate salt. 

10 The succcinate satt was also found to be more stable than the fiunarale salt and to be non- 
hygroscopic. 

The physical propecties of the salts of the invention mdicate that foey will be particularly 
useful as a phannaceuticai. 

15 

The Invention 

Accordingly, the preset invention telates to *e succinate salt or the malonate of the 
compound of fomiula (I), a phamiaceutical composition containing thwe salts, the use of 
20 these salts for the pnsparation of a phannaceolical composition and the use of these salts for 
die treatment of sdiizophreniaand p$ydioses. 

The succinate salt accoiding to the invention may. be obtained by treatment of the free base 
of a compound of formula CD with succinic add in an inert solvent foltowed by precipitation, 
25 isolarion and optionally recr^talUzatioa If desired, die ofystaUta^ satt may thereafter be 
subjected to mioonisation by wet or dry milling or another convcment process, or 
preparation of particles from a solvent-emulsification process. 

Piecipitatian of the saiccfaiate satt of the inventioa is insfbrably carried out by dissolving the 
30 fiee base of die conqiound of fonnula (I) in a suitable sohreml. such as acetone or toluene, 
and theieaft^ mixing this solution to a suspension of sucGinie acid in a suitable solvent, such 
as acetone or tohiene. The suqsension may be heated until all sucdrne acid has dissolved. 
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The sucdnate salt of tiie compound of the invention precipitated upon cooling of the 
soluifon. .The succinate salt of the invention mi^ optionally be ceayatallified one or more 
times and isolated by filtration, washed and dried. 

s The maloiatesaUnnay be obtained usiiig analogous procediires. 

The invention also covers hydrates and solvates of the salte of the invention. 

By hydrates is meant the salts of the invention containing chemicalty bound water 
10 molecttlea. One or more water molecules may be bound to each nwlecule of the compound 
of the inventioiL Hydrates are usually prepared by ibraiation of the salt in presence of some 
water. 
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By solvates is meant the salts of the inveation containing cbemicaUy hound solvent 
molecules. One or mne solvent molecules may be bound to each molecule of the compound 
of the invention. Solvates are usually prepared by fioimation of flie succinate salt m presence 
of tiie solvent. 

The compound of fbrmula (0 in racemic form may be prepared as described in EP patent No, 
20 EP 638 073 and in Bngess et al, I Med. Chem.. 1996. 38. page 438CM392, it is described 
hivw optical resolution of the racendc oonipoiBttd may be accomplished by crystalllsaiion oC 
diastereomeric salts. 

The enantiomer of foimula (I) may also be obtained by a partly steveoseleeave process 
2S involving the fi>llowfaig8iq)s: 




Cl 

CN ,.^^^55:s^ t-BuOH MCA 
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Benzyl cyanide is reacteii -wiih 2^-ai6WonibeBKmitril in presence of a base, suitable 
potassium tBrt-butojtidB, xeaction with methyl chloio acetate (^CA) leads to spontaneous 
riogclosure and one pot fimnation of the compound of finmola (p). 

s The compound of fismiula (II) is then sulgected to acidic hydrolysis to ferm a compound of 
fomtttla (no. soit*le by heating m a mixture of acetic add. sulphuric acid and water, and 
ihoteafter dccaiUuxylatlou by heaifag the compound of ibraauUi (UD in a suitable solvent, 
sudi aa N-melhyl pyizolidone, to foim a compound of fimnula OV). 




The compound of fomwda (tV) is thenteduoed. suitably withNaBH, in ethanoU to fiwm a 
compound of fbranda 
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The compound of fomxula (V) is resolved on a chiral column, suitably using CHIRALPAK 
AD as the stationary phase, to achieve the desired enanlioroer of formula 

« 

20 
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Tlie alcobol group of die cis-alcolwl of fiwraola (Va) is converted to a aiitable leaving group, 
such as hatogen or a sulphonate, awitebte by reactioa with an agairfa, such as thionylchlocide. 
mesylchloridB and tosylcWoride. in an inert solvent, suitable tetrahydiofiaan. Tlie ds- 
ditaride having the fonnuUi 




(VD 

is then reacted with 2.2-dimethylpipBeazine in a suitable solvent. «uch as methyl ethyl Ye 
in presence offtbase,woh as potassium caAonate. The resulting ccanpound of formula 
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is methylated at the secondary amine fimctu>nality» suitable Iqr teducUve amination of an 
aldehyde^ such as foimaldehyde, paia&nnaldehyde and trioscane, to obtain the free base of a 
coini>o\iiid of foimula 




It has been found that impurities in the fonn of the coiresponding cis*enantiomer may 
effectively be rmoved by precipitation of the fumaiate salt of the compound of fomiula (i) 
10 optionally followed by one or more te-cfystallisations. 

bnpurities in the &rm of the cis-enaatiomer may also be removed, by pcecipitatioii of the 
fomarate salt of the compound of fonnola (VQ) optionaUy followed by one more more ce^ 
cfystalliBations. 

15 

The salts of the invention may be admini^ered in any suitable way e.g. orallyp buccal, 
sublingual or paiCTteially, and the salts may be presented in any siutable form for such 
admirdsiiation, e-g. in tbe form of tablets, capsules, powders^ syrups or solutions or 
dispersions £br iigection. Preferably, and in accordance with the purpose of the present 
2p invention, the salts of the invention is adnunistered in die form of a solid pharmaceutical 
entity, suitably as a tablet or a capsule. 

Methods for the preparation of solid phaxroaceutical preparations are well known in the art. 
Tablets may thus be prepared by mixing the active ingredients with ordinary adjuvants, 
25 fi1Iei9 and diluents and subsequently compressing tiie mixmre in a convenient tabletttng 
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machine. Examples of adjuvants, fillers and diluents comprise com starch, lactose, talcuin, 
magnesium steaiaia. gelatine, iBCtoae, gums, and Qie like. Any ofiier adjuvant or additive 
such as oolourings, aroma, presovatives, etc may also be used provided that they aro 
compatible with ttie active ingrediflats. 
5 Solutions fbr ii\iectioos may be piq^ared by dissolving ttie salts of the inventkm and posnble 
additives in a pait of flie solvent for iiqection. piefbidily sterile water, atyusting the solution 
to desired volume, steriUsatiim of die solution and fiHing to suitable ampules or vials. Any 
saixAle additive couventioiiaUy used in the art m^ be added, audi as tonici^ agents, 
preservatives, antioxidants, etc. 

to 

The daily dose of Ihe compound of fbnnula CD above, calculated as the firee base, is suitable 
between 1.0 and 160 mg/day. more smtafble between 1 and 100 mg. and more prefened 
b«ween 3 and 55 mg. 

IS TheinventionwiUbeiUustcatedinthB&llowingexanvles. 
Example 1 

(->.Traiifi-4-(*01iiro-3-phenyMndaii-^yD-l A^-trimethylpJperarfB tret base 

*° (.)-Trans-4K6-CUoro-3-ph6nyUndftn-l-yl>-l.2,2-trimethylpiperazinfi, hydrogenfUmarate 

(25,0 grams) is suspended in tohiene (125 ml). Aqueous ammonia 25% (75 ml) is added. The 
three phase is stiired until all solids have disappeared. The organic phase is separated, and 
the aqueous phase is washed with toluene (25 ml). The combined extract and toluene wash is 

is washed with water (25 ml). The aqueous phase is discarded and the organic phase is dried by 
sodium sulphate sice (35 grama), the slrniy is filtered and the filtrate is evaporated to 
diyness on aiotary waponttor. The cnide fieo base (15 grams) is used without fimher 
purification. 
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Example 2 

I 

0-Traiis^<^CMoro-3«pbciiylliidan-]-yI^^ 
succinate 

Cnids (-)-Tj»iu;-4<6*ChlomO-iAenylindw^ (8»S0 grams) is 
dissolved in aedonc (30 nd)« A suspwsion of succinic add (3.2S grains) in acetone (32 ml) 
is pnparcd and the (-)'Ttan8-4-(6-Chloro-3-«henv]indiin.i -vivi o '3-trf.«-tT*m.T-s . 
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